INTRODUCTION
Prior to 1983, the long-spined echinoid Diadema antillarum Philippi was often the dominant herbivore in tropical Western Atlantic reef environments, reaching densities of 71 individuals per square meter (Sammarco, 1980; Hawkins and Lewis, 1982). As such, it was responsible for large amounts of bioerosion while grazing algae from reef surfaces (Scoffin et al., 1980; Hunter, 1977) . Diadema also prey on living coral (Bak and van Eys, 1975; Carpenter, 1981) ; thus they contributed to the control of the coral community as predators on coral recruits (Sammarco, 1980 (Sammarco, , 1982 .
Beginning in January, 1983, Diadema suffered a widespread mass mortality that was first observed at Galeta Point, Panama, and by January, 1984, had spread to most of the Caribbean and to Bermuda (Lessios et al., 1984) . The causative agent is suspected to have been a species-specific pathogen because the mortality spread over such a wide area without any dissipation of its severity, and no other species of sea urchin was affected (Lessios et al., 1984 Here, I document the effect of Diadema mass mortality on sediment composition along the fringing reefs adjacent to Bonaire. Constituent particle analyses of samples collected from a series of reef slope profiles, and from distinct intervals within surficial reef sediments, reveal that the echinoderm fraction shows no substantial enrichment above the pre-mortality levels as reported by Kobluk and Lysenko (1984) . Although skeletal elements of Diadema account for a large proportion of the echinoderm fraction, no premortality data concerning the percentage of Diadema skeletal elements in reef sediments exist for comparison. The lack of signature of the mass mortality illustrates the inadequacy of the near-reef sedimentary record to preserve the event.
STUDY SITE AND SAMPLING METHODS
Samples were obtained from four localities on the leeward side of Bonaire, an island in the La Blanquilla-Aruba chain that parallels the South American coastline (Fig. 1A) Surficial sediment samples were obtained at 6 m depth intervals down the reef slope at three localities and down a sand channel at one locality by a SCUBA diver (Fig. 1B) . Samples from distinct horizons below the sedimentwater interface were obtained from two adjacent areas at locality 1 by means of hole encasement with a calibrated length of PVC pipe and use of an air lift device similar to that described by Shinn (1968) to remove sediment down to specific depths. To alleviate the problem of mixing sediments from different depth intervals, samples were obtained from the encased hole at each specific depth, rather than from the air lift device itself.
Samples were air-dried, sieved through a stack of A.S.T.M. standard sieves, and the 500-1000 ,L size fraction of each was split on an Otto microsplitter until sample sizes of 400-800 grains were obtained. The samples were then analyzed with a binocular microscope to determine total echinoderm content and the proportion of the echinoderm fraction composed of skeletal elements of D. antillarum. Echinoderm grains can be recognized on the basis of characteristic structures (Fig.  2) . For each sample, additional quantities of the 500-1000 Ix size fraction were impregnated with epoxy and ground into standard thin sections, which were point-counted on a 1 mm x 1 mm grid following the method of Ginsburg (1956).
By evaluating both individual grains and thin sections, it was possible to identify not only distinctive fragments, but also echinoderm skeletal elements that had been mechanically, chemically or biologically reduced to grains of highMg calcite lacking any characteristic shape features. As a result, thin section point counts revealed consistently higher echinoderm percentages than grain counts because of the more accurate identification of echinoderm skeletal elements in polarized light.
Diadema skeletal elements have characteristic morphologies that permit recognition of spines, tubercles, teeth and components of the Aristotle's Lantern and their distinction from skeletal elements of other echinoids (see Durham and Melville, 1957; Philip, 1965 and Smith, 1984 for illustrations). Because these morphologies are rarely present in thin section, only the echinoderm fractions isolated by grain counting were analyzed for the definite presence of Diadema skeletal elements.
RESULTS
Echinoderm material was present in the 500-1000 ,u sediment fraction as completely disarticulated skeletal elements. Overall, this material represented only a minor fraction of reef sediments, composing from 0 to 7% of the constituents in each sample (Fig. 3) . Recognition of trends is difficult, owing to the exceedingly slight variation within and between stations and low overall percentages of echinoderm material.
Thin section point counts yield consistently higher values of echinoderm percentages than grain counts (Fig. 3) . At locality 1, the echinoderm fraction increases between 6 and 12 m depth, declines at 18 m and increases to its highest value at a depth of 36 m: the base of the reef slope (Fig. 3A) . This does not occur at locality 2, the sand channel, where the echinoderm fraction is highest at 18 m depth (Fig. 3B) . Average percentages of echinoderm material are slightly higher in the channel than at any reef slope locality.
Point counts and grain counts reveal conflicting variation at locality 3 (Fig.  3C) . The echinoderm fraction increases steadily with depth in grain counts whereas it decreases to a depth of 24 m and then increases at 30 m in samples analyzed in thin section. In thin section, the amount of echinoderm material present along the reef slope adjacent to Klein Bonaire (locality 4) decreases to a depth of 18 m and then increases at the base of the reef slope (Fig. 3D) . Grain counts reveal variation of 1% or less at this locality.
Analyses of sediments collected at specific intervals below the sedimentwater interface suggest that whatever variation there may be in the amount of echinoderm material is minor. Percentages increase slightly with depth in the 10 m excavation (Fig. 4A) . This was also revealed by grain counts of samples collected at the adjacent 12 m excavation but not by point counts (Fig. 4B) . It should be emphasized that, as in reef slope sediments, the echinoderm fraction is quite small.
Skeletal elements of Diadema account for a large proportion of the echinoderm fractions isolated by grain counting, averaging 32% and ranging from 0 to 80%. Other echinoderm remains include additional regular echinoids, crinoids and ophiuroids.
DISCUSSION

Biostratinomic Processes
The condition of echinoderm debris in reef sediments indicates that decay and disarticulation took place quickly on the sediment surface with subsequent incorporation into the sediment. Field experiments with freshly killed Diadema specimens indicate disarticulation of the test within days in the absence of rapid burial (Greenstein and Meyer, 1985). Moreover, I have observed that Diadema in aquaria disarticulate rapidly as decay sets it. Spines fall off and the lantern and apical system collapse into the corona within a few days. In this condition, the slightest disturbance causes the corona to disarticulate along plate sutures. These findings, along with those of Schafer (1972), suggest that scavengers can greatly accelerate disarticulation once decay sets in. Lessios et al. (1984) reported that loss and breakage of spines accompanied the onset of the disease presumed to have caused the mass mortality. Additionally, sick Diadema abandoned their day-time cryptic habits and were consequently attacked by fishes that do not normally prey upon healthy individuals. Thus, it is to be expected that individuals dying during the mass mortality would be incorporated into the reef sediments as fragmented remains.
Recognition of the Mass Mortality
No echinoderm enrichment in surface sediments occurred as a consequence of the mass mortality. A comparison of the results of this study with pre-mortality values obtained using similar methods by Kobluk and Mielczarek (1984) indicates that a slight increase in the echinoderm fraction has occurred in 4 out of 7 depth intervals (Fig. 5A) . However, the overall percentages are low and do not vary substantially between the two studies. Skeletal elements of Diadema compose a large proportion of the echinoderm fraction. However, no data exist concerning premortality proportions of Diadema in the sediment, making it impossible to determine what effect, if any, the mortality had on their contribution. The lack of an increase in the echinoderm fraction overall indicates that no substantial increase in the amount of Diadema material could have occurred.
Thus, it is highly unlikely that the slight increase in echinoderm material will constitute a recognizable signature of the mortality in the reef sedimentary record. Rather, it may be the length of time before population levels return to normal that does so. Liddell and Ohlhorst (1986) suggested that the rate of recovery of Diadema populations will dictate the impact of the mass mortality on the reef biota. This has been corroborated by various workers who have documented a new coral-algal equilibrium that is likely to remain as a result of the generally slow recovery of Diadema populations and the urchin's low 
